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(57) ABSTRACT

Improved techniques for photovoltaic power generation are
described. Inverter failure is can be a significant problem in
solar photovoltaic systems as it can lead to loss of opportunity
to harvest energy. A solar photovoltaic (PV) power generation
system is described comprising solar PV panels and power
conditioning units. A dc power distribution bus is coupled to
the solar PV panels and the power conditioning units to swit-
chably share dc power from the solar PV panels between the
power conditioning units. Power distribution controllers
detect a faulty power conditioning unit and reroute power
from a solar PV panel coupled to the faulty power condition-
ing unit to other power conditioning units via the dc distribu-
tion bus.
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1
SOLAR PHOTOVOLTAIC SYSTEMS

CLAIM OF BENEFIT TO PRIOR APPLICATIONS

This application claims benefit of an earlier-filed United
Kingdom Patent Application 1100798.6, filed Jan. 18, 2011,
now published as United Kingdom Patent Publication
(GB2485423, which is incorporated herein by reference.

FIELD OF THE INVENTION

This invention relates to improved techniques for photo-
voltaic power generation.

BACKGROUND TO THE INVENTION

Inverter failure is can be a significant problem in solar
photovoltaic systems as it can lead to loss of opportunity to
harvest energy. The problem is even more pronounced in
central and string inverter systems where failure of the
inverter can end the opportunity to harvest energy for the
entire system. The problem of failure in micro-inverter sys-
tems is less severe because energy harvest is localised. How-
ever, even in such systems the energy loss due to failure to
harvest, in failed parts of the system, may be significant
depending on down time, size of system and number of fail-
ures.

There is therefore a need to address this problem to provide
solar photovoltaic systems resilient to inverter failure.

Background prior art can be found in: WO2010/
062410A1; W0O2005/076444A1 and WO2004/001942A1.

SUMMARY OF THE INVENTION

According to a first aspect of the invention there is provided
a solar photovoltaic (PV) power generation system compris-
ing: a plurality of'solar PV panels each having a dc output for
delivering dc power; a plurality of power conditioning units
each having a dc power input coupled to said dc output of said
respective one of said plurality of solar PV panels and an ac
mains power supply output for delivering an ac mains supply;
a dc power distribution bus coupled to said plurality of solar
PV panels and said plurality of power conditioning units to
share dc power from said plurality of solar PV panels between
said plurality of power conditioning units; and a plurality of
power distribution controllers for controlling distribution of
said dec power; wherein each of said plurality of power con-
ditioning units is coupled to a respective one of one of said
plurality of solar PV panels; wherein each of said plurality of
power conditioning units is further coupled to a respective
one of a plurality of power distribution controllers; and
wherein each of said plurality of power distribution control-
lers comprises a fault detector to detect a faulty one or more of
said plurality of power conditioning units, and responsive to
said detecting a faulty one or more of said plurality of power
conditioning units to distribute said dc power from said dc
output of said solar PV panel coupled to said faulty one or
more of said plurality of power conditioning units to others of
said plurality of power conditioning units via said dc distri-
bution bus.

The solar photovoltaic (PV) power generation system pro-
vides resilience to failure. A plurality of solar PV panels are
each connected to a power conditioning unit (inverter) so that
energy generated by the array of solar photovoltaic modules
can be shared amongst the inverters as and when necessary. In
the event of an inverter failure (such as a short circuit or the
inverter ceasing to feed energy into the grid) the remaining
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inverters on the system can then harvest the extra energy made
available. This allows the system to capture all of the available
energy from the array off solar PV panels even when one of
the inverters (or even several of the inverters) on the system
experience failure. Normally functioning inverters access
energy generated by other solar PV modules on the system
using a dc power distribution coupled to the solar PV panels
and the power conditioning units. Control of the power dis-
tribution is implemented by a plurality of power conditioning
controllers which each control the switching and connection
of the dc distribution bus to the local solar PV panel and
inverter. It will be appreciated however that in alternative
embodiments a centralised controller may also be used to
control all of the switches although in doing so the modularity
of the system may be lost. Power distribution can be con-
trolled in the event of a detection of a failure of one of the
inverters by the power distribution controller, for example
upon detection of a short circuit failure.

Preferably in the solar PV power generation system the first
of the plurality of solar PV panels is coupled to a first of the
plurality of power conditioning units, furthermore a first of
the power conditioning units is also coupled to a first of the
plurality of power distribution controllers. Connection to the
dc distribution bus for the first solar PV panel is via switched
connection to the dc distribution bus which is controlled by
the power distribution controller. On detection of a fault in the
connected inverter the first of the plurality of the power dis-
tribution controllers closes the first switch connection to
couple the first solar PV panel to the dc distribution bus to
distribute the power from the first solar PV panel. This allows
the harnessed power generated by the first solar PV panel to
be collected and used by other inverters upon connection to
the dc bus. This ensures the system works as efficiently as
possible and avoids wastage of any energy generated by the
first solar PV panel if the inverter it is connected directly to
should fail.

In some preferred embodiments the first of the plurality of
solar PV panels is coupled to the first power conditioning unit
and, furthermore, the first power conditioning unit is also
coupled to first of the plurality of power distribution control-
lers. In this second arrangement the first of the plurality of
solar PV panels is coupled to the dc distribution bus via a
diode rather than a switch as previously described. Dc power
is thus constantly routed to the dc distribution bus so that an
additional inverter can switch in the dc distribution bus to
harness the additional power available.

Preferably one or more others of the plurality of power
conditioning units (inverters) are coupled to the dc distribu-
tion via a respective second switched connection. In this
arrangement the second switch connections allow powerto be
received from the dc distribution bus (routed to the bus via the
first switch connection or the diode from the first of the
plurality of solar PV panels) to be routed through to the other
power conditioning units in order for the energy to be har-
nessed and converted into ac mains power. The other power
distribution controllers are operable to close the respective
second switch connection on the others of the plurality of
power distribution controllers to couple the dc distribution
bus to the other power conditioning units. This may be done
by sensing a fault in the first of the plurality of power condi-
tioning units so that the connection is only made as and when
necessary. A variety of different sensing methods are pos-
sible, include detecting a characteristic signal on the dc dis-
tribution bus of via many other forms of commonly known
communications methods.

In some preferred embodiments the first of the plurality of
power distribution controllers may comprise a communica-
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tions output to transfer fault data to other power conditioning
units. Transmitted data may comprise of fault data signalling
the presence of a fault in the first power conditioning units.
Data may simply indicate that a failure has occurred or further
detail may be provided such as information related to the
available power generated from the solar PV panel—such
data may be used by other inverters to assess whether they
should switch in this solar PV panel to absorb spare capacity.
In this arrangement the sensing comprises detecting the fault
data transmitted from the first of the plurality of power dis-
tribution controllers (which signals the presence of a fault in
the first of the plurality of power conditioning units).

In some preferred embodiments the transmitting of fault
data comprises broadcasting fault data from the power distri-
bution controller to the other power distribution controllers
such that they all receive this information and individually
determine whether they should act upon the information
received. Such actions may be dependent upon the data
received and one or more of the other power distribution
controllers may opt to enable receipt of spare dc power from
the distribution bus to route through to their connected power
conditioning unit. Alternatively the transmitting may com-
prise transmitting the fault data to a central controller or a
gateway controller which may be configured to monitor and
control one or more of the elements of the solar PV power
generation system. The central controller may subsequently
transmit fault data to one or more others of the plurality of
power distribution controllers having received the fault data
from the first power distribution controller. This central con-
troller may accordingly determine which of the other invert-
ers are to be used to harness the spare dc power and this may
vary over time for example, or may be to optimise efficiency
in the system for example. To provide such features the power
distribution controllers may each comprise an RF transceiver
to transmit and receive the fault data. Alternatively if the
power conditioning unit includes an RF transceiver in order
for it to be controlled via central controller then in alternative
embodiments the power distribution controller may use the
RF transceiver integrated into the power conditioning unit in
order to transmit and receive data and therefore reduce the
overall system costs.

In some preferred embodiments of the solar PV power
generation system the first of the plurality of solar PV panels
are coupled to the first of the plurality of power conditioning
units via a third switched connection. This third switch con-
nection can be used to disconnect the power conditioning unit
from the solar PV panel by opening the third switch. Opening
of'the third switch is responsive to a fault detector in the power
distribution controller (or separate to the power distribution
controller) detecting a faulty first of the plurality of power
conditioning units. This ensures the power conditioning unit
can be isolated from the rest of the system should the failure
(for example a short circuit) to ensure that it does not impact
on the rest of the system. Other forms of failures, for example
if the power conditioning unit fails to generate an ac mains
output but which do not directly impact the rest of the solar
PV system may not need to result in this third switch being
opened.

According to a second aspect of the invention there is
provided a fail-safe solar PV power conversion unit for use in
a solar PV power generation system, the fail-safe solar PV
power conversion unit comprising: a dc input for receiving dc
power from a solar PV panel; a power conditioning unit
coupled to said dc input to receive said dc power and ac mains
power supply output for delivering an ac mains supply; a dc
power distribution bus coupled to said dc input and to said
power conditioning unit and to a dc power distribution port,
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said dc power distribution port, when coupled to others of said
fail-safe solar PV power conversion units, being operable to
share dc power from said dc power distribution bus; and a
power distribution controller coupled to said power condi-
tioning unit for controlling distribution of said dc power;
wherein said power distribution controller comprises a fault
detector to detect a fault in said power conditioning unit and
responsive to said fault detector detecting a fault to distribute
said dc power from said dc input to said dc distribution port
via said dc power distribution bus.

The solar PV power generation system may be formed
from a series of modular systems each including a fail-safe
solar PV power conversion unit, each fail-safe solar PV power
conversion unit comprising a power conditioning unit, a
power distribution controller and a dc power distribution bus
that can be interconnected to the dc distribution bus in other
modules. Each module may then be connected to a solar PV
panel. By providing fault detection within the module each
module is able to protect a fault occurring within its own
power conditioning unit and safely deactivate the power con-
ditioning unit or disconnect it such that it does not impact on
the rest of the system.

Multiple instances of the failsafe solar PV power conver-
sion unit may be connected together via the dc distribution
bus to allow power to be distributed to other fail-safe units.
Modules are fail-safe because they are each configured to
disconnect the power conditioning unit in the presence of a
failure to prevent subsequent damage to other components of
the system. When connected to other modules a fault toler-
ance system is formed able to tolerate one or more failures.

According to further aspect of the invention there is pro-
vided a fault tolerant solar PV power generation system com-
prising: a first solar PV panel having a dc output for delivering
power; a first power conditioning unit (PCU) having a dc
power input coupled to said dc output of said first solar PV
panel and an ac mains power supply output for delivering an
ac mains supply, wherein said dc power input of said first
power conditioning unit is coupled to said dc output of said
first solar PV panel via a first PCU switch; a first power
distribution controller (PDC) for controlling distribution of
said dc power from said first solar PV panel, wherein said first
PDC is coupled to said dc output of said first solar PV panel;
a second solar PV panel having a dc output for delivering
power; a second PCU having a dec power input coupled to said
dc output of said second solar PV panel and an ac mains
power supply output for delivering an ac mains supply,
wherein said dc power input of said second power condition-
ing unit is coupled to said dc output of said first solar PV panel
via a second PCU switch; a second PDC for controlling
distribution of said dc power from said second solar PV panel,
wherein said second PDC is coupled to said dec output of said
second solar PV panel; a dc power distribution bus (PDB)
coupled to said first and said second solar PV panels and said
first and said second PCUss to share dc power from said first
and said second solar PV panels between said first and said
second PCUs, wherein said dc PDB is coupled to said first
solar PV panel and said first PCU via a first PDB switch and
wherein said dec PDB is coupled to said second solar PV panel
and said second PCU via a second PDB switch; wherein said
first PDC comprises a fault detector to detect a fault in said
first PCU, and responsive to said detecting a fault said first
PDC is configured to close said first PDB switch to connect
said second solar PV panel to said dc PDB; and wherein said
second PDC comprises a dc sense circuit to detect a dc volt-
age on said dc PDB, and responsive to said detecting a dc
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voltage on said dc PDB said second PDC is configured to
close said second PDB switch to connect said dc PDB to said
second PCU.

In this arrangement each of the solar PV panels is con-
nected to a power conditioning unit and a power distribution
controller is connected between the solar PV panels and
power conditioning units to sense/detect a failure in the power
conditioning unit. A first power distribution bus (PDB) switch
provides connection from between the first solar PV panel
and first power conditioning unit through to the power distri-
bution bus so that on a failure being detected in the first power
conditioning unit power may be distributed to the dc distri-
bution bus. Similarly the second solar PV panel and second
power conditioning unit are coupled by a second PDB switch
connected between the second solar PV panel and second
power conditioning unit which also connects to the dc distri-
bution bus. When the first power conditioning unit has failed
the second PDB switch may be closed to receive power routed
to the power distribution bus via the first PDB switch to the
second power conditioning unit via this second PDB switch.
The PCU switches provide short circuit protection, enabling
the respectively connected power conditioning units to be
detected from the system in the presence of a short circuit.

The fault detector in one or both of the power distribution
controllers (or separate to the power distribution controllers
but still part of the system) may be a short circuit detector for
example to detect a short between the dc rail inputs to the
power conditioning unit. On detecting a short the correspond-
ing power conditioning unit switch may be opened to prevent
the short impacting remaining components of the system.

According to a still further aspect of the invention there is
provided a fault tolerant solar PV power generation system
comprising: a first solar PV panel having a dc output for
delivering power; a first power conditioning unit (PCU) hav-
ing a dc power input coupled to said dc output of said first
solar PV panel and an ac mains power supply output for
delivering an ac mains supply, wherein said dc power input of
said first power conditioning unit is coupled to said dc output
of'said first solar PV panel via a first PCU switch; a first power
distribution controller (PDC) for controlling distribution of
said dc power from said first solar PV panel, wherein said first
PDC is coupled to said dc output of said first solar PV panel;
a second solar PV panel having a dc output for delivering
power; a second PCU having a dc power input coupled to said
dc output of said second solar PV panel and an ac mains
power supply output for delivering an ac mains supply,
wherein said de power input of said second PCU is coupled to
said dc output of said second solar PV panel viaa second PCU
switch; a second PDC for controlling distribution of said dc
power from said second solar PV panel, wherein said second
PDC is coupled to said dc output of said second solar PV
panel; a dc power distribution bus (PDB) coupled to said first
and said second solar PV panels and said first and said second
PCUs to share dc power from said first and said second solar
PV panels between said first and said second PCUs, wherein
said dc PDB is coupled to said first solar PV panel via a first
diode and wherein said dc PDB is coupled to said second solar
PV panel via a second diode, and wherein said dc PDB is
coupled to said first PCU via a first PDB switch and wherein
said dc PDB is coupled to said second PCU via a second PDB
switch; wherein said first PDC comprises a fault detector to
detect a fault in said first PCU and responsive to said detecting
a fault said first PDC is configured to transmit fault data
signalling a faulty first PCU; and wherein said second PDC
comprises a fault sense circuit configured to receive fault data
signalling said faulty first PCU, and responsive to said fault
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data signalling said faulty first PCU said second PDC is
configured to close said second PDB switch to connect said dc
PDB to said second PCU.

In this alternative arrangement the first power distribution
switch connects the dc distribution bus to the power condi-
tioning unit on the detection of a fault in another of the power
conditioning units. If a fault occurs in the first power condi-
tioning unit then power, which is already routed through to
the distribution bus via the diode is subsequently routed
through to the second power conditioning unit via the second
power distribution bus switch upon the second power distri-
bution controller sensing a fault within the system. The sens-
ing may be detecting a signal of a particular characteristic on
the dc distribution bus for example, or alternatively may be by
receiving a signal by a separate wired or wireless connection
from the power distribution controller which has detected a
failure. In addition the fault detector may comprise a short
circuit detector to detect short circuit in the first power con-
ditioning unit (or another power conditioning unit) and
responsive to detecting the short circuit the first power distri-
bution controller may subsequently open the first power con-
ditioning unit switch to disconnect the dc power output of the
first solar PV panel from the dc input of the first power
conditioning unit to ensure that a short on the input to the first
power conditioning unit does not affect the rest of the system.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will now be further
described, by way of example only, with reference to the
accompanying figures in which:

FIG. 1 shows a first embodiment of the solar PV power
generation system;

FIG. 2 shows a second embodiment of the solar PV power
generation system;

FIG. 3 shows an embodiment of the power distribution
controller; and

FIGS. 4 and 5 show alternate arrangements of the solar PV
power generation system.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The embodiments show a solar photovoltaic module array
connected to inverters, with the inverters being connected to
the grid (mains electric grid). A number of connection
schemes between inverters and solar modules on the array are
possible, two of which are presented in the embodiments in
FIGS. 1 and 2.

Referring to FIG. 1, this shows an embodiment of the solar
PV power generation system comprising solar PV panels 10
(PV1, PV2) and power conditioning units 12 (IN1, IN2).
Further solar PV panels and power conditioning units may
also be added and connected in the same manner as PV1 and
PV2. Each solar PV panel (PV1, PV2)is coupled to a respec-
tive power conditioning unit (IN1, IN2) to transmit dc power
from the solar PV panels to the respective power conditioning
unit for conversion to an ac mains output. A power distribu-
tion controller 18 (C1, C2) is coupled between each solar PV
panel and power conditioning unit pair and controls the open-
ing and closing of switches connecting the power condition-
ing unit to the solar PV panel and the dc distribution bus 14 to
the solar PV panel and power conditioning unit. The dc dis-
tribution bus 14 provides a path for distribution of dc power
from one or more of the solar PV panels to one or more of the
power conditioning units.
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By way of example, in FIG. 1 power distribution controller
C1 controls the switching of switch S1; to connect or discon-
nect the power conditioning unit IN1 from solar PV panel
PV1. C1 also controls switch S1, to connect solar PV panel
PV1 to the dc distribution bus 14 (if switch S1; were also
closed, then the dc distribution bus would also be connected
to IN1). Similarly power distribution controller C2 controls
the switching of switch S2; to connect solar PV panel PV2 to
power conditioning unit IN2 and switch S2, to connect or
disconnect solar PV panel PV2 to dc distribution bus 14 (if
switch S2; were also closed, then the dc distribution bus
would also be connected to IN2). In this arrangement switch
S2, provides a second switched connection to the dc distri-
bution bus.

The power distribution controllers 18 (C1, C2) comprise
fault detector to detect a fault in each of the respectively
coupled power conditioning units. Power distribution con-
troller C1, for example, can be used to detect a fault in power
conditioning unit IN1. One useful fault detection mechanism
is short circuit detection, which may be used to detect short in
power conditioning unit IN1. Other forms of failure may also
be detected by the controller (by probing or monitoring cur-
rent and voltage characteristics for example) or may be
detected internally by power conditioning unit IN1 and com-
municated to controller C1—in the latter case such commu-
nication may be to indicate that the power conditioning unit is
no longer outputting ac mains power for example.

In some alternative embodiments the power distribution
controller may be integrated into the power conditioning unit
such that more detailed information on failure modes and
operating conditions can be monitored and used to detect and
configure the solar PV power generation system accordingly.

In the embodiment shown in FIG. 1 the power distribution
controller C1 senses the voltage on the positive rail of the dc
connection using signal CS1; between the solar PV panel
PV1 and power conditioning unit IN1 to provide short circuit
detection. On detection of a short circuit the power distribu-
tion controller opens switch S1; to disconnect the faulty
power conditioning unit IN1 from the dc connection to solar
panel PV1. To minimise generated power losses switch S1, is
closed by power distribution controller C1 to connect solar
PV1 to the dc distribution bus to make the power available to
other power conditioning units.

It will be appreciated however that in some embodiments
of the system it may not be necessary to incorporate switch
S1; if the implementation chooses not to provide protection
for short circuits in power conditioning unit IN1. For failure
modes where power conditioning unit IN1 stops producing a
dc output (without drawing excessive current due to a short
circuit) or incorrectly generates an ac output there may be no
need to disconnect the power conditioning unit IN1 from the
solar PV panel PV1 and thus switch S1; need not be present
or, if present, does not necessarily need to be opened,
although it may be preferable to do so to ensure isolation of
the power conditioning unit.

With switch S1, closed and dc power from solar PV panel
PV1 routed through to the dc distribution bus, power distri-
bution controller C2 senses the presence of a dc voltage on the
dc distribution bus via sense signal CS2, and accordingly the
corresponding power distribution controller C2 closes switch
S2, to route dc power from the dc distribution bus through to
power conditioning unit IN2. In such a configuration it will be
appreciated that in order for the power conditioning unit IN2
to effectively use such dc power it will not already be oper-
ating at a maximum power output—preferably the power
conditioning units will have spare capacity such that when
one is disconnected others are able to harness the ‘spare dc
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8

power’ generated by solar PV panel PV1. Alternatively one or
more spare power conditioning units may be coupled to the de
distribution bus and then brought on-line if one or more active
power conditioning units ceases to work.

FIG. 2 shows a second embodiment of the solar PV power
generation system. In this arrangement switch S1, is replaced
by diode D1 to direct dc power from solar PV panel PV1 to the
dc distribution bus and switch S2, from FIG. 1is also replaced
by a diode, diode D2, to direct dc power from solar PV panel
PV2 to the dc distribtution bus. As with the embodiment
shown in FIG. 1 switches S1; and S2 control connection of
each solar PV panel (PV1, PV2) to the respective power
conditioning unit (IN1, IN2) and can be used to disconnect
the respective power conditioning unit on detection of a short
circuit (or any other forms of failure) by the respective power
distribution controller.

Considering a failure in power conditioning unit IN1 for
example, power distribution controller C1 now has no direct
control over power delivery to the dc distribution bus as the
switch S1, of FIG. 1 has been replaced with diode D1 and thus
dc power from solar PV panel PV1 is always routed through
to the dc distribution bus with a nominal voltage drop across
the diode D1. On detection of a failure in power conditioning
unit IN1 the power distribution controller communicates to
other power distribution controllers that a fault has occurred
and power is available to be harnessed by other power con-
ditioning units, such as IN2 in FIG. 2. The communication
may be via one of many different methods including:

Detecting a change in signal on the dc distribution bus (by

overlaying the dc with a control signal for example); or

Via direct communication from controller C1 to other con-

trollers via a wired or wireless data link. In embodiments
using wireless communication each of the power distri-
bution controllers may communicate using any recogn-
ised wireless standard including Zigbee, Bluetooth, or
WiFi for example although it will be appreciated that any
form of wireless transmission protocol may be adopted;
or

Via communication from controller C1 to a gateway or

central controller overseeing and monitoring the opera-
tion of all power conditioning units and subsequent
retransmission via the gateway to one or more other
power distribution controllers.

In some preferred embodiments the wireless communica-
tion channel may be part of the power conditioning units and
so the power distribution controller may comprise existing
mechanisms to communicate the presence of a fault. In
embodiments where the power distribution control is inte-
grated into the power conditioning unit again such facilities
may be shared.

Switch S1, and S2, each connect the de distribution bus to
the respective power conditioning unit IN1 and IN2 (provid-
ing the second switched connection). The arrangement is
similar to that of switches S1, and S2, in FIG. 1 in that the
coupling is from the dc distribution bus to between the solar
PV panel and power conditioning unit. In the embodiment
shown in FIG. 2 however, because switches S1, and S2, are
only used to route power to the power conditioning units they
are coupled to the power conditioning unit side of switch S1;
and S2;. It will be appreciated however that the switches may
be connected as arranged in FIG. 1.

On sensing a fault (detecting a fault, receiving via fault data
via transmission, or monitoring of signal lines) controller C2
reads and processes the data and acts according to the
received data. In FIG. 2, power distribution controller C2
closes switch S2, to connect the dc distribution bus to the
power conditioning unit IN2 to enable power to be consumed
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by power conditioning unit IN2 to ensure that power gener-
ated from solar PV panel PV1 is converted into dc power to
ensure the complete solar PV power generation system is
operating at maximum output.

Although the embodiments described herein show fault
detection occurring within the power distribution controllers
it will be appreciated that external detection mechanisms may
be implemented with control and error signals provided from
and to the power distribution controllers. In alternative
embodiments such control and error signalling may be
administered centrally and the necessary signals distributed
to the power distribution controllers accordingly.

FIG. 3 shows a portion of a sample embodiment of power
distribution controller C1 coupled to the solar PV panel PV1
and power conditioning unit IN1. As shown for switch S1;,
any of the switches may be implemented as transistor
switches, such as MOSFET switches for example. The power
distribution controller C1 controls transistor MOSFET
switch S1; to disconnect the solar PV panel PV1 from power
conditioning unit IN1 in the presence of a short circuit. The
short circuit detector comprises a voltage divider circuit
formed from resistors R1 and R2, with resistor R1 connected
between the positive dc rail from solar PV panel PV1 and to
resistor R2. Resistor R2 is connected to resistor R1 and to the
ground or negative rail. In FIG. 3 the gate connection to the
p-type MOSFET is connected between the resistors such that
when the circuit is operating normally the voltage divider
formed by R1 and R2 results in the gate voltage being lower
than the source voltage so current flows through the MOS-
FET. A short circuit reduces the voltage difference between
source and drain resulting in switch S1; effectively ‘opening’
to disconnect the solar PV panel PV1 from power condition-
ing unit IN1. The power distribution controller may also have
further control elements (EN1 in FIG. 3) to control the
switching, factoring in any fault data received by other power
distribution controllers or central gateway control to control
activation of any of the switches coupled to each respective
power distribution controller. Such fault detection hardware,
as previously described may detect a short circuit or other
forms of failure or may also act upon data signals received
from the power conditioning unit or any other components
who may signal the presence of a fault.

FIGS. 4 and 5 show alternative arrangements of the dc
distribution bus, with FIG. 4 showing a ring type dc distribu-
tion bus and FIG. 5 showing a star type of configuration. It
will be appreciated that the arrangement of the de distribution
bus and connections to the solar PV panels and power condi-
tioning unit may be implementation dependent and the most
useful configuration dependent on the physical arrangement
of solar PV panels and power conditioning units within the
system. (Switched connections/diodes are not shown on this
diagram).

No doubt many other effective alternatives will occur to the
skilled person. It will be understood that the invention is not
limited to the described embodiments and encompasses
modifications apparent to those skilled in the art lying within
the spirit and scope of the claims appended hereto.

The invention claimed is:

1. A solar photovoltaic (PV) power generation system com-
prising:

aplurality of solar PV panels, each comprising a dc output
for delivering dc power;

a plurality of power conditioning units, each comprising
(1) a dc power input that is coupled to the dc output of a
corresponding solar PV panel of the plurality of solar PV
panels and (2) an ac mains power supply output for
delivering an ac mains supply;
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adc power distribution bus that is coupled to (1) each of the
plurality of solar PV panels through a first switch for
receiving dc power from the solar PV panel and (2) each
of the plurality of power conditioning units through a
second switch for distributing the received dc power to
the power conditioning unit; and

a plurality of power distribution controllers that are each

coupled to a corresponding power conditioning unit,
wherein each power distribution controller is configured
to control the second switch of the corresponding power
conditioning unit for receiving dc power from the dc
power distribution bus,

wherein each of the plurality of power distribution control-

lers comprises a fault detector that is configured to detect
a faulty power conditioning unit, wherein, in response to
detecting the faulty power conditioning unit, the power
distribution controller is further configured to distribute
the dc power from the dc output of the solar PV panel
coupled to the faulty power conditioning unit to other
power conditioning units of the plurality of power con-
ditioning units via the dc distribution bus.

2. The solar PV power generation system of claim 1,

wherein a first solar PV panel of the plurality of solar PV

panels is coupled to a first power conditioning unit of the
plurality of power conditioning units, and wherein the
first power conditioning unit is coupled to a first power
distribution controller of the plurality of power distribu-
tion controllers;

wherein the first solar PV panel is coupled to the dc distri-

bution bus through the first switch, and

wherein, when a fault detector of the first power distribu-

tion controller detects a faulty first power conditioning
unit, the first power distribution controller is configured
to close the first switch in order to couple the first solar
PV panel to the dc distribution bus.

3. The solar PV power generation system of claim 2,

wherein at least one other power conditioning unit’s cor-

responding power distribution controller is configured
to close its respective second switch to couple the dc
distribution bus to each of the at least one other power
conditioning unit responsive to sensing a fault in the first
power conditioning unit.

4. The solar PV power generation system of claim 3,
wherein the sensing comprises detecting a signal on the dc
distribution bus.

5. The solar PV power generation system of claim 4,
wherein the sensing comprises sensing a dc voltage on the dc
distribution bus.

6. The solar PV power generation system of claim 3,
wherein the first power distribution controller comprises a
communications output configured to transmit fault data sig-
naling the faulty first power conditioning unit, and wherein
the sensing comprises detecting the fault data.

7. The solar PV power generation system of claim 6,
wherein transmitting fault data comprises broadcasting the
fault data to the at least one other power conditioning unit’s
corresponding power distribution controller.

8. The solar PV power generation system of claim 7,
wherein transmitting fault data comprises first transmitting
the fault data to a central controller and then transmitting the
fault data to the at least one other power conditioning unit’s
corresponding power distribution controller using the central
controller.

9. The solar PV power generation system of claim 7,
wherein the plurality of power distribution controllers each
comprises an RF transceiver and the transmitting comprises
wirelessly transmitting the fault data.
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10. The solar PV power generation system of claim 2,
wherein the first solar PV panel is coupled to the first power
conditioning unit via a third switch, and

wherein the first power distribution controller is configured
to open the third switch in order to disconnect the first
solar PV panel from the first power conditioning unit
responsive to the fault detector in the first power distri-
bution controller detecting the faulty first power condi-
tioning unit.

11. The solar PV power generation system of claim 10,
wherein the fault detector in the first power conditioning unit
comprises a short-circuit detector.

12. The solar PV power generation system of claim 1,
wherein a first solar PV panel of the plurality of solar PV
panels is coupled to a first power conditioning unit of the
plurality of power conditioning units, wherein the first power
conditioning unit is coupled to a first power distribution con-
troller of the plurality of power distribution controllers, and
wherein the first solar PV panel is coupled to the dc distribu-
tion bus via a diode.

13. A fault tolerant solar photovoltaic (PV) power genera-
tion system comprising:

a plurality of solar PV conversion units configured to har-
vest solar energy, each solar PV conversion unit com-
prising:
asolar PV panel comprising a dc output for delivering dc

power;

a power conditioning unit comprising (1) a dc power
input coupled to the dc output of the solar PV panel
and (2) an ac mains power supply output for deliver-
ing an ac mains supply, wherein the dc power input of
the power conditioning unit is coupled to the dc output
of the solar PV panel via a first switch of the PV
conversion unit; and

apower distribution controller configured to control dis-
tribution of the dc power from the solar PV panel,
wherein the power distribution controller is coupled
to the dc output of the solar PV panel;

adc power distribution bus that is coupled to (1) each solar
PV panel through a second switch of the corresponding
PV conversion unit for accepting dc power from the
solar PV panel and (2) each power conditioning unit
through a third switch of the corresponding PV conver-
sion unit, wherein the dc power distribution bus is con-
figured to share dc power between the plurality of solar
PV conversion units.

14. The fault tolerant solar PV power generation system of
claim 13, wherein each power distribution controller of the
plurality of solar PV conversion units comprises at least one
of:

a fault detector configured to detect a fault in the power
conditioning unit, wherein, when a fault is detected by
the fault detector, the power distribution controller is
configured to close the second switch in order to connect
the solar PV panel to the dc power distribution bus; and

adc sense circuit configured to detect a dc voltage on the de
power distribution bus, wherein, when a dc voltage is
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detected by the dc sense circuit, the power distribution
controller is configured to close the third switch in order
to connect the dc power distribution bus to the power
conditioning unit.
15. The fault tolerant solar PV power generation system of
claim 14, wherein the fault detector comprises a short circuit
detector configured to detect a short circuit in the power
conditioning unit, and
wherein, when the short circuit detector of the power dis-
tribution controller detects a short circuit, the power
distribution controller is configured to open the first
switch in order to disconnect the dec power output of the
solar PV panel from the dc input of the power condition-
ing unit.
16. The fault tolerant solar PV power generation system of
claim 14, wherein, when the dc sense circuit of the power
distribution controller detects a dc voltage on the dc power
distribution bus, the power distribution controller is config-
ured to keep the first switch closed in order for the power
conditioning unit to capture dc power from the dc power
distribution bus and the solar PV panel.
17. A method for distributing dc power to a plurality of
power conditioning units through a dc distribution bus, the
method comprising:
at each of the plurality of power conditioning units, receiv-
ing dc power from a corresponding solar photovoltaic
PV panel, each power conditioning unit coupled to (1)
the dc distribution bus through a first switch, (2) the
corresponding solar photovoltaic (PV) panel through a
second switch, and (3) a corresponding power distribu-
tion controller, wherein each solar PV panel is coupled
to the dc distribution bus through a third switch;

detecting a faulty power conditioning unit of the plurality
of power conditioning units with the corresponding
power distribution controller; and

diverting the dc power of the faulty power conditioning

unit’s corresponding solar PV panel by (1) opening the
second switch of the faulty power conditioning unit’s
corresponding solar PV panel and (2) closing the third
switch of the corresponding solar PV panel to share dc
power from the solar PV panel with a set of power
conditioning units of the plurality of power conditioning
units.

18. The method of claim 17, wherein diverting the dc
power of the faulty power conditioning unit’s corresponding
solar PV panel further comprises opening the first switch that
connects the faulty power conditioning unit to the dc distri-
bution bus.

19. The method of claim 18 further comprises, for each
power conditioning unit of the set of power conditioning
units, closing the first switch in order to receive dc power from
at least the faulty power conditioning unit’s corresponding
solar PV panel through the dc distribution bus.

20. The method of claim 17, wherein detecting a faulty
power conditioning unit comprises detecting a short circuit in
the faulty power conditioning unit.
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